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vt + f(x) vx = 0, t > 0 x ∈ R
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ϕUB(r−j , |νj|)(Vj − Vj+1)
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TV (V n) ≤ TV (V 0)(1 + C∆t).
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[tysyhiky caiAuµU[yhysiky y q [ty
 `µÙ   ¾E G`µ±\    Aµ    E   \
µ     Ekµ±   ¾k \
µÙ   ¾  
EM EkµÙ   ¾E \KµÙ    Eµ    E Kµ Gk EkµG    \
µ \   ¾ dKµ±   ¾k `µÙ
 `µ \   ¾ EµG    Aµ±\    Ekµ±hB GKµÙ   k EkµÙ   ¾ Ekµ \   ¾k `µ B
\ \
µ±   ¾ G`µ    k \KµÙ    Kµ GhG KµÙ   k KµÙ   ¾g\ Kµ G   ¾\ EkµdB
Gk Ekµ B   ¾ `µB   k EµB    Ekµ± Ekµ±\   k GKµ±   ¾k dKµÙ   ¾ EkµdG
WPdKca[.E K É uutb
yhdur¥¦iky5[wvKdZCmKca[.Ek¬ t = 1
êêÚhg
éwîî©è
EB   ()$ 1Sf Y ! V- !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  	  µ&Wdc[(foXK[(d q ¤k[ufh_aikj[t¿~b/dgfh_aikj K
{
vt + vx = 0 − 1 ≤ x ≤ 1;
v(x, 0) = v0(x);
§<E«
_£foXmQ[yh_ai q _pu|utij q _pfh_aikjKndgf
x = ±1
¬Vdj q ¼|dyªfo[jË°±nl_ajK_pfo_adc q dgfod O E© P K






πx2), −1 < x < −1
3
,
| sin(2πx)|, |x| < 1
3
,
2x − 1 − sin(3πx)/6, 1
3
< x < 1.
 [&uikZ8m/dyh[_pj(WPdKca[µ  foXK[­[yhysikyhndj q utmKb'fo_pZC[Pi¥`fhX
[&´cpfhyod! ²1[t[g¬!À ¾²&[t[¬gdj q#É    j~fhyhikmr
§ É jfo_ q _p¢Qb























dcp¥Pi¥ É    j~fhyhikmrµlW5XK[[tysyhiky_aj
L1
j




dgf É    j~fhyhikmr¶uikZ8m








Jj WP_aKµ \ 1[¶uikZCm
dyh[ À ¾²&[t[ §>_pfhX q _ansutikjfo_pj~b



















    
5Àliº1[­utikjKnh_ q [tyfoX






vx + vy = 0 − 1 ≤ x, y ≤ 1;
v(0, x, y) = v0(x, y);
§<k«
_£foXºmI[tys_ai q _au0Iikb
j q dysr¨uikj q _£fo_aij
n#dgf
x, y = ±1











 dj q À ¾²&[t[lnhuX
[ZC[n5dyh[






µ B foXK[´c£foyhd! ¾²1[[¬AÀ ²1[t[dj q [vKduf*nhicabKfh_aikj0»/ysnsf1¥¦iy&d#j~b
Z%I[ty­i¥
q _pnhuyh[fh_`tdgfo_pikj³Z8[tnsX mIik_ajfhn
Px = Py = 20
dj q fhX
[tj³_pfoX
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ys[\ K 1ikZ8m/dys_anhijdgf5fo_pZC[ t = 1 ¬ P = 100 mQik_pjfont¬




x ´lcpfhyodI[t[ À I[t[ É  ß[tjfoysikmr ´c£foyodgQ[[ À5 I[t[ É  [jfoyhim~r
50
Ekµ !\   ¾E \
µ BE   ¾ Kµ d\    KµaEE Kµ EB KµÙ E
100
`µ G   ¾ Ekµ dhG   ¾k EµBE    KµÙ E KµÙG `µ±\#G
200
Kµ±hd   ¾ Ekµ±E   ¾k G`µÙ\   k Kµ \k\ KµÙd EµaEB
400
Ekµ \   ¾ \
µÙ   ¾ `µdk   k Ekµ±hB Ekµ \#G `µ±\~
800
BKµÙ   ¾k EkµÙg\   ¾ EµÙhG   k Kµ±E \
µÙk EEkµ 
WPdKca[' K L1 dgututbKyodur¥¦iky5[vKdZ8m










. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
















































. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .







































































. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .








































































   ()$ 1Sf Y ! V- !&# 	#
UB−G N−BEE Exact
§âd«
Px = Py = 20
UB−G N−BEE Exact
§</«
Px = Py = 40
W_akb
ys[ B K 1ikZ8m/dys_anhiji¥U´²­  






ns_ q [ydd_pj[t¿~b/dgfh_aikjÁ§ k «1_pfhXfhyodmI[5`ik_ q dcF_pj












[C§<Z8i q _£»/[ q «1À ²1[t[(nhuXK[tZ8[µ







vt − yvx + xvy = 0 − 1.2 ≤ x, y ≤ 1.2;
v(0, x, y) = v0(x, y);
§<k«
_£foXe`[tyhi$|_ays_auX
cp[fQikbKj q dyªr³uikj q _£fo_pikj
nldgf








max(R2 − (x − xc)
2 − (y − yc)
















XK_auX utiyhyh[nhmIikj q n%fhi¶dutiZCm
cp[fh[-yhigfdgfh_aikjÁi¥5foX
[-_aj




Z%I[tyi¥ q _pnhutys[fh_`©d!fo_aijÊZC[nhX mIik_ajfon_pn
Px = Py = 20
dj q fhX
[tj
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KODFA1037
Àli 1[uikj























































vt − f(x, u) vx = 0
¥¦ikydk_£¤k[tj
u ∈ U
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UB−G N−BEE Exact
WP_pkb
yh[# K ´|²­  
 dj q Z8i q _£»/[ q À5 ¾²1[[nhuX
[ZC[n0§¦_£foX δ = 0.4 «*dgf t = 4 Q Px = Py = 50 µ
UB−G N−BEE Exact
§âd«
Px = Py = 20
UB−G N−BEE Exact
§</«
Px = Py = 40
WP_ab
yh[ G K ´²­  
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Ultrabee: at  t=1.5, P=41, CFL=0.9
Ο Ο Ο Ο Ο Ο
Ο Ο Ο Ο Ο Ο Ο Ο Ο Ο Ο Ο Ο Ο Ο Ο Ο Ο Ο Ο Ο Ο Ο Ο Ο Ο Ο Ο Ο
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yh[Sd K ´cpfhyod! ßQ[[dj q ^`[ZC_¡  dkyhdj
k_adj-nsuX
[tZ8[tn¬ T = [−0.5, 0.5] µ
êêÚhg
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Ultrabee: at  t=1.5, P=41, CFL=0.9
Ο Ο Ο Ο Ο Ο Ο Ο Ο Ο Ο Ο
Ο Ο Ο Ο Ο Ο Ο Ο Ο Ο Ο Ο Ο Ο Ο Ο Ο
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S. Lagrangian: at  t=1.5, P=41, CFL=2




















WP_akbKyh[ EM K ´cpfhyod! ßQ[[(dj q ^`[ZC_¡  dkyhdj
k_adj-nsuX




















= 0 − 1 < x < 1
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y³dgj q ^AXAb §<ns[t[¨WPdg
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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       [(utikjKnh_ q [ty5foX
[¥¦ikcpcaiM_ajK0¼½k² [t¿~b/dgfh_aikj K
{
vt + f(x, y) · ∇v + ||∇v|| = 0, −3 < x, y < 3;
v(0, x, y) = v0(x, y), −3 < x, y < 3.
§<hB«
_£foX
f(x, y) = (−y, x)
¬f`t[yhiIikb
j q dysr³utikj q _pfh_aikj
n|dgf








[_ajK_pfo_adc q dgfodºutiyhyh[nhmIikj q nCfoiºf&iFL¾ns[tm/dyhdgfo[ X
ikca[n
Nu[tjfo[yh[ q _aj
A = (−1, 0.5)
dgj q





(x + 1)2 + (y − 0.5)2 ≤ 0.25
iky
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ys[ EhE K j
[w  q _pZC[j
nh_pikj/dcQ[t¿~b/dgfh_aikjF¬[Lª²1bKyhk[y


























Px = Py = 30
Z8[tnsX-mIik_ajfhntµz1ikZ8m
bKfodgfo_pikj


































vt + 12 ||∇v||
2 = 0, −1 < x, y < 1;
v(0, x, y) = v0(x, y), −1 < x, y < 1.
§<k«
_£foXe`[tyhi-QikbKj q dyªrutikj q _pfo_pikj
ndgf
x, y = ±1
¬Fdj q _£foXd8_aj
_£fo_adc q dgfodCuikyhys[tnhmIikj q _aj
8foi
d L¾I[tcpc N K






























ced!fo_aij-i¥*§  « K
vt + max
||u||≤1
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`µd    `µ g   ¾ BKµ g   ¾ EkµÙ E   ¾E
P = 20
EkµaEM   ¾ Ekµ    ¾ Ekµ±\k   ¾ `µaEG   ¾
P = 40
Kµdk   ¾k GKµaEM   ¾k `µÙg\   ¾k GKµ    ¾k
P = 80
EkµaEE   ¾k Kµ AG   ¾k `µaEG   ¾k `µ AB   ¾k
Wd
cp[( K L1 [yhysikyldj q L∞ [tysyhiky5_pjnhZ8i`ifhXyh[t_aikj
n*¥¦iy  vKdZ8m
cp[#`µ
UB−G at  t=0.5 Error (scale=1)
UB−G at  t=1 Error (scale=1)
W_akb
ys[.E K ´²­  




N−BEE at  t=0.4 Exact
N−BEE at  t=0.5 Exact
WP_ab
yh[.EM K À ¾²&[t[(dj q [vKduflnhikcpbKfo_pikjdgffo_pZC[ t = 0.4 dj q t = 0.5 µ
êêÚhg
éwîî©è
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TV (V n+1) > TV (V n)
4[ _ Y 
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TV (V n+1) ≤ TV (V n)
_pjfhX
_an5utdnh[gµ
  (Vj−1, Vj, Vj+1) ^!f! !f  &[utdj$nhbKm
mQinh[¥¦iky­_aj




Vj+1 ≥ max(Vj, Vj+2)
¬Pdj q





















r³l[Z-dybc Kµ E µ´ns_aj




























  (Vj−1, Vj, Vj+1) Xf! !f!,!f  &[nh[[ foX
dgf$[_pfoXK[ty Vj ≥ max(Vj−1, Vj+1) iky
Vj ≤ min(Vj−1, Vj+1)
µ Jj¨QifhXÁutdnh[n#&[-iKfd_pj
ϕUB(r−j , |νj|) = 0
µ8W5X
[tjF¬r¨[tZCdy*c












































































































































_acp_pfr-i¥UfoXK[nhuXK[tZ8[0dj q § hd «*&[
X/d©¤[

















[tZ8[¬dj q § hG «&[
X/d©¤[








































| + |∆V n+1
j+ 1
2




= |V n+1j − V
n+1
































(1 − Cj+ 3
2
) + V nj+1 − (V
n







|(1 − Cj+ 3
2
) + |∆Vj+ 1
2
| + |∆Vj− 1
2






uyh[ZC[j~fodcË¥¦ikysZ § d «h«¬`1[#k[f





|(1 − Ck+ 1
2












TV (V n+1) ≤ TV (V n)
¬5dgj q fhX
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TV (V k) ≤ TV (V n+1) 
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tn = n∆t → t
dj q
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k = j, j − 1




































v′ = vx(tn, xj)
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x ∈ V (0±)
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NB(rj, νj) = 1 + a
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((1 − νj)ϕj + (1 − νj−1)ϕj−1) ∆x
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((1 − νj)ϕj + (1 − νj−1)ϕj−1)∆x
2 v′′ = (1 − νj)∆x
















(1 − νj)ϕj − (1 − νj−1)ϕj−1 = (1 − νj)(ϕj − ϕj−1) + (νj−1 − νj)ϕj−1
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δ = −∆t∆x f ′(xj) v
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v̇ = vt(tn, xj)
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j−1) = v̇ ∆t +
1
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